Background-The purpose of this analysis is to evaluate the impact of RT among women ≥70 with T1-2N0 ER negative breast cancer using Surveillance Epidemiology and End Results (SEER)-Medicare linked data.
Introduction
A meta-analysis of seventeen randomized trials testing adjuvant breast radiotherapy (RT) versus observation following breast conserving surgery (BCS) demonstrated a significant improvement in local-regional control, disease free survival, and breast cancer-specific survival with the use of RT 1 . Adjuvant RT following BCS is therefore standard of care for the majority of women with early stage breast cancer. While the improvement in localregional control with RT is well recognized in nearly all patients, the magnitude of this benefit and the resulting effect on breast cancer-specific survival depends on multiple prognostic factors, defining a patient's individual risk of disease recurrence.
Advanced age is a well-recognized prognostic factor for a decreased risk of tumor recurrence [2] [3] [4] , which suggests there may be a diminished benefit of adjuvant radiation therapy in elderly patients. The Cancer and Leukemia Group B (CALGB) and PRIME II randomized trials each demonstrated a modest reduction in local recurrence, but no difference in breast-cancer specific survival with the addition of RT in elderly women with stage I estrogen receptor (ER) positive tumors receiving tamoxifen 5 . As a result, the National Comprehensive Cancer Network adopted the omission of RT as a standard of care option for this subset of patients 6 . However, it remains unknown whether RT may also be safely omitted from a population of elderly women with ER negative tumors.
The magnitude of benefit with adjuvant RT for elderly women with early stage ER negative tumors is poorly understood, since this population is highly underrepresented in the literature. Among the Early Breast Cancer Trialists Collaborative Group (EBCTCG) metaanalysis of individual patient data from 17 randomized trials of adjuvant RT after BCS, only 23 women > 70 years old with T1-T2N0 ER negative tumors were included. This group of women comprised <1% of the total population studied 1 .
Despite the association between ER negative tumors and an increased risk for tumor recurrence demonstrated in this analysis 1 , other data from both prospective and retrospective studies suggest that patients with ER negative tumors may experience a reduced benefit with adjuvant RT when compared with ER positive patients 1, 7 . Thus, the increased risk of tumor recurrence recognized in patients with ER negative tumors may not necessarily equate to a greater benefit from adjuvant RT.
The purpose of this analysis is to evaluate the benefit of adjuvant radiotherapy following BCS among women ≥70 years old with T1-2 N0 ER negative breast cancer using Surveillance Epidemiology and End Results data linked to Medicare claims (SEER-Medicare). The effect of adjuvant RT on mastectomy incidence and breast cancer specific death has been assessed in relationship to multiple prognostic factors to explore whether RT may also be safely omitted from a population of early stage, elderly women with ER negative tumors.
Materials and Methods

Data Source
SEER-Medicare data link two large population-based data sources within the United States (US). The SEER Program of the National Cancer Institute is the authoritative source of long-term cancer incidence and survival in the US with current coverage of approximately 28% of the population. Medicare is the federally funded insurance program in the US that provides health insurance to individuals over the age of 65. Medicare data include both feefor-service and managed care plans but only the fee-for-service claims are included with the SEER-Medicare dataset. For this study, the analytic dataset comprised eligible breast cancer cases diagnosed between 1993 and 2007 with follow-up through 2010. Clinical, demographic and cause of death information were derived from SEER, while covered health services from the time of Medicare eligibility until death were derived from Medicare claims. SEER Registries conduct both active and passive follow-up activities to longitudinally trace a patient's vital status from the point of a cancer diagnosis forward. This protocol includes linking with both state vital records and the National Death Index to ascertain date and cause of death when applicable. Institutional review board approval was obtained for this analysis.
Patient Selection
Women ≥70 years old registered in the SEER-Medicare database with a first primary diagnosis of T1-2, lymph node (LN) negative, ER negative invasive breast cancer who were treated with breast conserving surgery during the first 9 months after diagnosis were selected for inclusion. Ninety-seven percent of all women in the study underwent BCS within 3 months of diagnosis. The 9 month period following breast cancer diagnosis was defined as the treatment window for measuring the initiation of all cancer related treatment in accordance with the work from Smith et al 8 . Women were excluded for the following: simultaneous bilateral breast cancer, non-epithelial histology, distant metastasis, initial treatment with a mastectomy, a second cancer diagnosis, death within the treatment window, a diagnosis date of any subsequent primary was not known, no continuous enrollment in Medicare Parts A and B or enrollment in a HMO during the treatment window, missing or unknown information regarding any component of stage, receptor status, month of diagnosis or month of death.
Independent Variables
The Medicare codes used to define BCS, mastectomy, chemotherapy and external beam RT are listed in Table 1 . Receipt of BCS or initiation of chemotherapy and RT were defined by having the corresponding Medicare claims filed within the 9-month treatment window. Patients with both BCS and mastectomy claims within this window were considered to have undergone mastectomy and were excluded. Patients with Medicare claims for radiation planning only or for having less than 15 radiation treatments were considered to have had non-standard or incomplete treatment and were also excluded from analysis. The period for assessing the delivery of radiation treatment was extended beyond the treatment window as long as RT was initiated within the 9-month window. The receipt of radiation for all patients as defined by SEER was confirmed by Medicare claims. The receipt of chemotherapy was defined by the presence of claims with any of the chemotherapy codes listed in Table 1 in conjunction with a corresponding diagnosis code for breast cancer.
Most of the patient and tumor characteristics (e.g. diagnosis, age, race, marital status, region, histology, grade, year of diagnosis, and receptor status) were taken directly from SEER data. Since SEER does not directly collect information on patient socioeconomic status, an areabased measure of poverty was derived from SEER census tract data and was included with the SEER-Medicare dataset. Tumor stage was defined by the AJCC 6th edition TNM stage for all cases. AJCC staging data were directly available in SEER for cases diagnosed between 2004 and 2007 and were derived from SEER EOD 3 rd edition codes for cases diagnosed from 1993 to 2003. A measure of comorbidity for each patient was defined according to the Deyo adaptation of the Charlson comorbidity index 9, 10 , modified to exclude incident breast cancer diagnosis. This index used Medicare inpatient, carrier, and outpatient claims during the 12 month period before breast cancer diagnosis, excluding the month of diagnosis.
Statistical Analysis
Study follow-up began at month 10 from diagnosis for all individuals. The primary outcome variable, cumulative incidence (CI) of mastectomy, was defined as the occurrence of mastectomy, or was censored at the time of contralateral breast cancer, loss to follow-up, or the end of the designated period for which follow-up was being assessed (e.g. 5 years). The secondary outcome variable, cumulative incidence of breast cancer death, was defined as the incidence of death due to breast cancer. Censored events were similarly defined. The CI of mastectomy and breast cancer death were generated using cumulative incidence function and using death without the event of interest as the competing risk. CI functions were adjusted with other covariates (all the demographic and clinical characteristics listed in table 1,) at average levels. Chi-square and Fisher's exact tests were used to compare patient, tumor and treatment characteristics between groups. The effect of RT and other demographic and clinical characteristics on the outcome variables was assessed through univariate Gray's test and multivariate Fine and Gray's subdistribution hazard regression. Further sub-group analysis was also performed to assess the effect of RT across strata according to age and T stage. Overall survival was analyzed using the Kaplan-Meier method and compared for patients who did and not receive RT using the log-rank test. All statistics were calculated using SAS software version 9.3 (SAS Institute., Inc., Cary, NC, USA) and all statistical tests were two sided using an α = 0.05 Type I error rate.
Results
Patient Population
Of the 516,260 women registered within the SEER-Medicare database and diagnosed with breast cancer between 1993 to 2007, 3,432 women met all eligibility criteria for inclusion 
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Author Manuscript ( Figure 1 ). Patient, tumor and treatment characteristics for patients who received (n= 2850) and did not receive (n=582) radiation therapy are presented in Table 1 . Patients who received RT were more often younger, of white race, married, and living in areaswith lower poverty rates. Patients who received RT were also more likely to have lower T stage tumors, and a lower comorbidity index, and less likely to have ductal carcinoma histology, and receive chemotherapy. There were no substantial differences in year of diagnosis, demographic region, progesterone receptor status or histologic grade between patients who received and did not receive radiation therapy. Women ≥75 were more likely to have a comorbidity index ≥2 (52% vs. 37%, p<0.001) and less likely to receive chemotherapy (18% vs. 41%, p<0.001) compared with patients age 70-74. There was no substantial difference in the distribution of histological grade among the varying age groups.
Incidence of Mastectomy
The median follow-up period for mastectomy assessment for the patient population is 45 months (IQR 20-81). The 5-year CI of mastectomy for patients who received vs. did not receive adjuvant radiation were 4.9% (95% CI 4.0%, 5.9%) versus 10.8% (95% CI 7.7%, 14.6%), p<.0001.
On multivariate analysis (Table 2) , women treated with BCS alone had a significantly higher incidence of future mastectomy at 5 years compared with women treated with BCS and adjuvant RT, with a HR of 2.3; 95% CI 1.6, 3.5. Multivariate analysis for CI of mastectomy is listed in Table 3 . Additional variables associated with MFS were tumor stage and urban residence; less substantial associations also existed between MFS and progesterone receptor status, cormorbidity index, and SEER region.
In further exploratory analysis evaluating MSF among subgroups according to patient age and tumor stage (Table 3) , RT was associated with a reduced risk of mastectomy among all subcohorts, though the magnitude of benefit was small in women ≥80 or with T1 tumors. Mastectomy incidence with vs. without RT was 3.4% vs. 6.9% (p=0.05) for women ≥80 and 5.3% vs. 7.7% (p=0.01) for women with T1N0 tumors.
Breast Cancer Specific Survival
The 5-year CI of breast cancer death (BCD) for patients who received versus did not receive adjuvant radiation were 8.3% (95% CI 7.2%, 9.5%) versus 24.1% (95% CI 19.7%, 28.7%), p<.0001. On multivariable analysis (Table 4) , women treated with BCS alone had a significantly increased risk of BCD at 5 years compared with women treated with BCS and adjuvant RT, with a HR of 2.2 (95% CI 1.6, 2.8). The associations between all patient and tumor characteristics and CI of BCD are listed in Table 4 . Additional variables associated with an increased risk of breast cancer specific death were older age, greater T stage, histologic grade and comorbidity index. Cumulative incidence of BCD with and without RT according to T stage and age group are shown in Table 3 .
The 5-year observed overall survival for patients who received versus did not receive adjuvant radiation were 79% (95% CI 77%, 80%) versus 42% (95% CI 38%, 47%), p<0.001
Discussion
This study included a large population based cohort of elderly women ≥70 with T1-2N0 ER negative tumors, who are highly underrepresented in prospective phase III clinical trials evaluating the benefit of adjuvant RT following breast conserving surgery. While ER receptor negative status has previously been demonstrated as a negative prognostic factor for MFS in a SEER-Medicare analysis elderly women 11 , the mastectomy rates among this population and the magnitude of benefit with adjuvant RT according to other disease variables has not previously been evaluated in this population. The results of this analysis demonstrate the use of adjuvant RT to be associated with a significantly lower incidence of mastectomy among women ≥70 years old with T1-2 ER negative tumors receiving breast conservation therapy.
The question remains whether there is a subpopulation of elderly women with early stage ER negative tumors who may not need adjuvant radiotherapy. Our results show that a reduced risk of mastectomy among all subgroups of patients according to age or T stage after breast conserving surgery with radiation; however, the magnitude of benefit at 5 years is smallest for women ≥ 80 or with T1N0 ER negative tumors. When analyzing patients ≥ 80 years old and with T1 tumors, the difference in mastectomy incidence with and without RT is no longer significant. This finding is consistent with previous data demonstrating that older age 2-4 and earlier T stage tumors 1, 11 are factors independently associated with a reduced risk of local regional recurrence In recent prospective trials evaluating the omission of adjuvant radiotherapy in women with early stage ER positive breast cancer, local regional recurrence at 5 years was approximately 1% with RT and 4% with BCS alone 5, 12 .
"Elderly" was defined as greater than 65 or 70 years in these trials. In comparison, our results show a mastectomy rate of approximately 5% with RT and 11% with BCS alone in women ≥70 with ER negative tumors.
It should be noted that the incidence of mastectomy is analyzed as a surrogate for local tumor control, and data regarding the timing and pattern of disease recurrence cannot be recorded directly from SEER-Medicare data. Patients with local tumor failure may not have undergone mastectomy for several reasons, including patient preference for partial mastectomy at the time of recurrence, poor clinical or functional status that may have precluded surgical management, or the presence of simultaneous distant recurrence. Furthermore, it may be that mastectomies were performed for reasons other than disease recurrence. Biases that may have impacted treatment selection cannot be fully accounted for with this retrospective population based data. Additional factors-such as histologic grade, medical comorbidity, poverty level and urban residence-should be taken into account if considering a subpopulation of women to further investigate the effects of omitting adjuvant radiotherapy, as these variables were also associated with MFS. The incidence of mastectomy was lower among patients with T1 tumors and patients with well-differentiated histology, which is consistent with past literature establishing the association of these variables with improved local regional control 11 . a 5% absolute benefit in survival at 15 years with the use of radiotherapy 1 . Thus, the approximate 15% absolute decrement in cumulative incidence of breast cancer specific death among women without adjuvant RT in this analysis is unlikely related to the lack of benefit from local regional RT alone. Other independent predictors of increased risk of breast cancer specific death in this analysis were older age, greater T stage, higher tumor grade, and increased comorbidity.
Our study is limited in that estrogen receptor status was the primary hormonal receptor used to categorize the population. Additional information about HER-2 receptor status and luminal type, which is also recognized to impact local regional recurrence 7, 13, 14 may have been of value, but was not available in this data set. Additional limitations include unknown surgical margin status, unknown use of endocrine therapy, bias in treatment selection that cannot be accounted for, and the lack of sufficient follow-up in this elderly population to adequately analyze outcomes beyond 5 years.
Conclusions
The use of adjuvant radiation is associated with a significant reduced incidence of mastectomy and breast cancer specific death among elderly women ≥70 with T1-2N0 ER negative tumors, though the magnitude of benefit at 5 years is small in the subgroups of women ≥80 or with T1 tumors.. These findings add to the sparse literate evaluating the benefit of RT in elderly women with ER negative receptor status.
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